Object: The purpose of the study was to investigate the influence of short-term training on distal adjustments of reaching in preterm infants with low birth weight and compare them with full-term infants. Methods: Sixteen infants at the onset of reaching were equally allocated to a: preterm group (<34 weeks of gestational age) with a low birth weight (<2.5kg), and control group (full-term infants). The infants were submitted to two assessments carried out on a single day: pre-training (2 minutes) and post-training (2 minutes). The preterm group received one training session under a serial practice condition and the control group received one session of social training. It was used the repeated-measures analysis of variance, with Bonferroni adjustments. Results: The preterm infants presented more reaches with semi-open and oblique hand compared with the full-term infants and the short-term training increased more reaches and reaches with dorsal hand. Conclusion: We conclude that the preterm infants presented more reaches with semi-open and oblique hand compared with the full-term infants and that the short-term training was effective in providing more reaches, observed in the increase in the number of hand contacts with the object.
INTRODUCTION
Prematurity and low birth weight are considered to be risk factors for delays in neuromotor development, as well as for injuries in cortical areas and neurological pathways responsible for vision, hearing and postural control. 1, 2 Thus, preterm infants born with low weight, for example, less than 37 weeks gestational age and birth weight less than 2.5 kilos, are most vulnerable to these risks which may interfere with the acquisition of motor skills in the first year of life. 3, 4 In general, preterm infants show motor differences when compared to full-term infants, and these differences may be present in the first months of life. Studies have shown that these motor differences are related to postural control, head control and motor skills such as hand function. 5, 6, 7, 8 Related to manual abilities, reaching and grasping objects are highlighted. 8, 9, 10 Reaching is defined as the ability to locate and touch an object in space, with one or both upper limbs, with or without grasping it. 11, 12 For objects to be reached and grasped accurately, it is necessary for the infant to find solutions to problems related to the presence of unknown external torques such DOI: http://dx.doi.org/10.7322/jhgd.89621 as gravity and the tendency of the upper limb to sway. 13, 14 Thus, upper limbs adjustments are needed, especially distal adjustments, which are related to the positioning and opening of the hand and fingers to touch and grasp the object. 15, 16 In preterm infants at low risk of delays in neuromotor development, the few existing studies provide intriguing results regarding reaching ability. According to Fallang et al. 17 , these preterm infants (± 30 weeks gestational age) at low-risk of delays in neuromotor development, at 4 months of corrected age, showed a greater frequency of reaching and of a higher quality (more fluent and slower reaches) than full-term infants. The authors concluded that preterm infants at low risk of delays in neuromotor development were at a temporary advantage due to longer extrauterine experience, allowing them to overcome the negative effects related to prematurity. 17 However, other studies have suggested that preterm infants, at low risk of delays in neuromotor development, such as late preterm infants (34-36 weeks and 6 days gestational age) may differ in reaching strategies compared to full-term infants in later months. 18 This fact can be observed in studies of late preterm infants, who at 6 months of corrected age, reached more often with open hand, reduced hand speed and increased deceleration of the hand to touch an object compared to full-term infants, which may reflect differences in the control of fingers and movements of arms and hands. 15, 12, 18 In preterm infants (± 27 weeks gestational age) at high-risk of delays in neuromotor development and brain disorders, it was found that the acquisition of reaching occurred later, with the hand completing the trajectory more slowly, and in addition, with less fluent movements of the upper limbs than full-term infants. 17, 19 Such differences may be explained by deficits in postural control, in the control of axial motricity, in the development of oculomotor functions, in eye-hand and visual-motor coordination, low muscle tone and hyperextension of the trunk by these infants. 19, 8 Considering that prematurity has been linked to limitations in the behavior of manual reaching in the first months of life, it is very relevant to provide sensorimotor experiences in order to promote the improvement of reaching in infants, since the practice of a skill can lead to an improvement in its performance. 11, [20] [21] [22] [23] [24] [25] In preterm infants of less than 33 weeks gestational age, it was found that 4-6 weeks of reaching training through object-oriented movements favored longer contact of the hand with the toy, and after 8 weeks of training showed more reaching with open hand and with the ventral surface of the hand than the untrained preterm infants, becoming quite similar to the reaching of full-term infants. 10 It is known therefore that a long period of practice may provide beneficial changes in the behavior of the reaching of preterm infants. However, an important issue has been highlighted by researchers, who demonstrated that short periods of practice can influence the performance of a skill or a movement. 26, 27, 28 In full-term infants, the authors demonstrated that a short training session in reaching, at the onset of the skill, was sufficient to increase the number of hand contacts with objects, with shorter and unimanual reaches, with oblique and semi-open hand. 29, 30 Soares et al. 18 observed that at the onset of the skill, a short-term training under a serial practice condition on reaching in late preterm infants was effective in promoting an increase in the number of contacts of hands with objects and in bimanual reaches, immediately after the practice session, however, there was no retention of the effects obtained after 24 hours. 18 Thus, short-term training in reaching can be considered to be an important tool for early intervention in preterm infants.
Although these studies demonstrate the effectiveness of specific training and short-term behavior in reaching, the effects of short-term training in preterm infants with low birth weight are incipient. It is known that prematurity and low birth weight are related to delays in neuromotor development and that short periods of practice can positively influence the performance of reaching in full-term and late preterm infants.
Thus, the objective is to analyse the influence of short-term training on distal adjustments of reaching (hand opening, surface of the hand contact, and hand orientation), at the onset of this ability in preterm infants with low birth weight and compare them with healthy and untrained full-term infants.
METHODS

Design Overview and Participants
This is a controlled clinical trial, parallel group design, with a convenience sample.
Eight infants born preterm (preterm group) with less than 34 weeks of gestational age and low birth weight (< 2.5 kg) and, eight infants born fullterm and healthy (control group) participated in the study. Both groups of infants were at the onset of reaching (Table 1) . Note. 1': first minute, 5': fifth minute; M: male; F: female; * p <. 00; **p <. 03.
Procedures and Equipment
The study was approved by the Ethics Committee of the University (protocol no. 1856/ 2011) and was prospectively registered in the Brazilian Clinical Trials Registry (protocol no. RBR-4RJWRX).
Two weeks before the infants' three-month birthday, the examiner called their parents (twice a week) and invited them to participate. Moreover, the examiner made home visits in their residences in order to identify the onset of reaching. Reaching was defined as the act of locating an object in space, directing visual attention toward the object and directing one or both hands to it and touching it. 29, 30 Once confirmed the onset of reaching, the Alberta Infant Motor Scale (AIMS) was administered by a single pediatric physical therapist and was use to ensure that all infants were similar in their motor development. 31 After the AIMS assessment, the assessment was scheduled at the laboratory, which occurred no later than five days after the visit of reach onset identification (Table 1) . Three cameras (frequency of 60Hz) were used to collect the data, which were positioned in order to become the reaching movements visible. The images were digitalized and analysed using the Dvideow system 5.0®.
32,33
Testing Procedures
All infants were submitted to two assessments carried out in sequence on a single day: a pretraining (2 minutes) and a post-training assessments (2 minutes). The infants were in diapers and seated reclined 45° from the horizontal in a baby chair. The examiner used her hands to support the infants at the height of the to provide security and trunk stability. 29 An unfamiliar and attractive toy was presented at the infant's midline (xiphoid process-) within reaching distance for 2 minutes. 29, 30 The toy was carefully taken away and presented again after each successful reach and a 5-s interval was allowed between reaches. If the infant did not touch the toy, this was also taken away from the visual field of the infant and presented again to not allow habituation.
12,29
Reaching training protocol for preterm infants and social interaction protocol for full-term infants
The preterm group received a single training session under a serial practice condition and the control group received one session of social training.
To conduct the reaching training protocol, each preterm infant was positioned at approximately 45° reclined in the examiner's lap. Thus, the examiner sat comfortably with the trunk supported, with the legs slightly apart, with hips and knees flexed at about 120° and 50° degrees, respectively, measured using a goniometer. A small pillow was placed on the examiner's knees, and the infant's head was rested on it. This procedure sought to encourage the infant to remain face to face with the examiner, with the neck in semiflexion, facilitating alignment between the head and torso, and hands in the midline within the visual field (Figure 1 A-C). This training protocol described was based on studies by Cunha et al. 29, 30 , Heathcock et al. 10 and Lobo et al. 34 . The single session under a serial practice condition consisted of 3 activities (A, B, C) carried out for a period of 5 minutes. Each activity was performed 10 times for each member, i.e., 10 times to the right arm and 10 times to the left arm, so that the same task was not repeated in consecutive attempts (e.g.: ABC, ABC, ABC). Activity A consisted of the researcher holding the object in one hand, at the midline and at the height of the infant's xiphoid process, and with her other hand, holding the infant's forearm in order to guide that hand towards the object to touch it ( Figure  1A ). For activity B, the upper limbs of the infant should be positioned by its sides. The researcher should then perform tactile stimuli with the object on the infant's arm and forearm and bring the object to the midline at the xiphoid process, within sight of the infant ( Figure 1B) . Activity C consisted of the researcher holding the object in one hand, at the midline and at the height of the infant's xiphoid process, and waiting a few seconds to allow it to perform spontaneous uni-or multi-articulate movements of the upper limbs. If the infant did not touch or explore the object with the hand spontaneously, the researcher should undertake tactile stimuli with the object on the infant's stimulated hand. Each time the infant touched the object, the researcher should, with a smile, praise the child. If the infant grasped the object, the researcher should let him/her explore it ( Figure 1C) . To achieve the social interaction protocol, each full-term infant was seated reclined approximately 45° in the researcher's lap for 5 minutes, similarly to that described in the previous protocol. The researcher only interacted with the infant visually and verbally, without touching their upper limbs or showing them objects. This protocol was based on studies Heathcock et al 10 and Soares et al. 18 
Description of variables
Reaching was coded when the infant's hand contacted the object, grasping or not the object. 15 The infants should be directing their visual attention to the toy from the beginning to the object contact. 30 The beginning of a reach was defined as the first frame when the infant's arm began an movement toward the object and the end of a reach as the first frame when the infant's hand touched the object. 35 The coding of reaches was performed blindly by three experienced observers. For each category of distal adjustments, interrater and intrarater agreements were calculated in 12.5% of the total sample using the equation [number of agreements /(number of agreements + number of disagreements)] × 100. The mean value for interrater and intrarater agreement computed for hand opening was 92.4% ±1.2, hand orientation was 94.2% ±1.2, and, surface of the hand contact was 94.2% ±1.2.
Total Reaching Frequency: Total number of reaches performed during each assesment, over a period of 2 minutes each. 35 Distal Adjustments: were considered the adjustments made by the hand and fingers to touch the object. It was analysed: A) Hand opening: 1) open (when fingers were fully extended, 16, 18 2) closed (when fingers were fully flexed), 18 or 3) semiopen (when the fingers were in position between flexed and extended (regardless of degree), or even when only one or two fingers were flexed (regardless of the degree of flexion).
15,18 B) Hand orientation: a) horizontal (pronation-when the palm of the hand was faced downwards in relation to the forearm), 2) vertical (neutral position-when the palm of the hand was oriented toward the infant's midline in relation to the forearm ), and 3) oblique (45 o of hand/forearm supination-when the hand was in an intermediate position in relation to the two aforementioned positions.
15,30 C) Surface of the hand contact: 1) dorsal hand: when the dorsal surface of the hand contacted touched the object, and 2) ventral hand: when the palm of the hand touched the object. 10 
Statistical Analysis
All the inferential procedures for homogeneity (Levene test) and normality of variances (ShapiroWilk tests) preceded the analyses. All the variables were analyzed using analysis of variance (ANOVA) for repeated measures and multiple comparisons, with Tukey test and Bonferroni adjustments. The factors considered were: group, assessment and interaction between these components. The total frequency of reaching was analyzed by frequencies of their occurrence and the distal adjustments were analyzed by the proportions of their occurrence in relation to the total frequency of reaching.
RESULTS
Total Reaching Frequency
There was a significant difference for group by assessment interaction (F[2,14]= 3.697; p=0.05). There was an increase in the number of reaches for the preterm group (12.1±6.1; p=0.03) compared to the control group (6.5±2.8) in the post-training. There were also an increase in the number of reaches for the preterm group in the post-training (12.1±6.1; p=0.017) compared to their pre-training (6.8±2.2 [ Figure 2] ). There was no difference between the preterm group and control group in the number of reaches in the pretraining (p=0.777). 
DISCUSSION
This study investigated the influence of shortterm training on the frequency and distal adjustments at the onset of reaching in preterm infants with low birth weight compared with fullterm infants, who did not receive any specific reaching training.
The study hypothesis was preterm infants that received a single session of short-term training under a serial practice condition, would present more efficient or similar reaches compared to fullterm infants who did not receive any training. The results showed that the short-term training promoted an improvement in task performance, observed in the higher number of reaches and reaches with the oblique and semi-open hand. Heathcock et al. 10 also studied the reaching behavior of untrained full-term infants (social interaction for two weeks) and preterm infants (33 weeks of gestacional age and born weight less than 2.5 kilos [daily 20-minute reaching training for eight weeks). These authors found that after eight weeks of training, the trained preterm infants increased hand contacts with the object, presented more consistent reaches, a longer interaction with the toy, and performed reaches earlier than the full-term infants. The results of our study could be compared to the studies of Cunha et al. 29 and Soares et al. 18, 36 which found that a single short training session was effective in increasing the number of reaches in fullterm and preterm infants. The authors concluded that the experience gained through the short-term practice may facilitate the selection of sensorimotor maps, resulting in a rapid improvement in the performance of a new skill. Thus, the improvement in task performance can occur by short-term trainings, i.e., after a single session.
Regarding the opening and orientation of the hand, it was observed that infants in both groups had a higher percentage of reaches with the semiopen hand in the post-training compared to their pre-training, especially for the control group. According to the literature, infants from 4 months of age are able to adapt to intrinsic and extrinsic constraints, being able to perform distal adjustments of reaching based on the physical properties of objects, such as size and rigidity. 37, 38 Therefore, we believe that the semi-open may be a strategy used by infants who suitably adjust the opening of the hand to the type of object presented. In this study, the infants may have been influenced by the physical properties of the object (small and soft), which did not require total opening of the hand. In addition, preterm infants had a higher percentage of reaches with the hand semi-open and oblique when compared to the control group. This result corroborates those found by Cunha et al. 29 in full-term infants, which reported that in the onset of reaching, the semi-open and oblique hand seems to be the strategy used by infants, in order to adjust the hand to the object; and that the experience of a few minutes may have been sufficient to promote and increase affordance in relation to the object.
Moreover, the results regarding the opening of the hand, may be related to the results on the contact surface during reaching, in which trained preterm infants compared with full-term infants, had the highest percentage of reaches with the dorsal surface of hand and fingers. This fact can be explained by the reaching being accomplished with half-open hand and thus the dorsum of the infant's hands and fingers made the first contact with the object. In the study by Heathcock et al. 10 , preterm infants who received daily training of approximately 20 minutes after 8 weeks showed an increased frequency of reaching with an open hand and with the ventral surface, while the group born preterm who received only social interaction showed greater frequency in reaches with a closed hand and dorsal surface. Also, Cunha et al. 39 have shown that full term infants presented more reaches with ventral hand after a short-term and goal-directed training. We can infer that although the preterm infants in our study increased their frequency of reaching, they were unable to perform reaches with the ventral hand after only one training session, which would be a more functional strategy for touching and grasping objects. We also can infer for the preterm infants maybe it is necessary more sessions of training to produce changes on this behavior.
As for the orientation of the hand, we found a predominance of reaches with oblique orientation of the hand relative to the horizontal and vertical orientation in preterm infants. According to the literature, it is still unclear how preterm infants perform these adjustments over the course of months. 15 It is important to point out that the adoption of the oblique orientation of the hand suggests that infants are in a phase of refinement of reaching, this being an intermediate position between the horizontal and vertical position, and that the vertical hand, considered to be more efficient, would be adopted by the infant around 5 months of age, demonstrated by the progressive increase in forearm supination. 37, 16, 15 We infer that training may contribute to the increased oblique hand in preterm infants, and that the object may have facilitated the supination of the forearm through the adoption of strategies to activate the forearm supinators, and consequently increase the oblique orientation hand.
It is important to consider that we did id not determine the longer-term effects of the short term training and a small sample may not represent the general population of infants. Thus, the generalization of results still requires more studies to verify the effectiveness of short-term training on the learning behavior of manual reaching in preterm infants. However, based on this study, we believe that further studies should be conducted to verify the impact of extrinsic factors such as the training of manual reaching on intrinsic factors such as prematurity. These studies may result in recommendations for preventative measures and intervention in neurosensorimotor dysfunctions associated with prematurity, preventing and/or minimizing possible complications.
We conclude that the preterm infants presented more reaches with semi-open and oblique hand compared with the full-term infants and that the short-term training was effective in providing
